Combining ability analysis and gene action were studied for yield contributing traits and yellow rust resistance, using AUDPC as a genetic basis of stripe rust resistance, among 15 parents (12 lines, 3 testers) along with their 36 F 1 s using Line x tester analysis. The purpose of the study was to identify and select superior high yielding rust resistant parents and best hybrid combinations on the basis of estimates of general and specific combining abilities. The significant differences among parents suggest that the breeding lines possess good amount of genetic variability for traits studied 11 traits showed predominance of non-additive gene action except for plant height, peduncle length, flag leaf area and AUDPC where additive gene actions were present. DPW 621-50 can be ranked as the best tester and UP2596, PBW 639 and PBW 658 can be considered as the best lines as these combine well for the highest number of yield contributing characters as well as yellow rust resistance. The cross WH1100 x PBW550 was found as good cross combination for maximum number of traits.
Wheat (Triticum aestivum L.), is the world's most important food crop with the largest cropped area devoted to its cultivation and constitutes the staple food of about 36 per cent population. Marginal scope for horizontal expansion of arable land can be compensated by relentless increase in production and productivity. It can be achieved by developing superior genotypes with better yield potential per unit area imperative to tackle the existing challenge of synchronizing production increment with the population growth. The choice of parents based on combining ability analysis enable breeders to select genotypes having maximum potential of transmitting desirable genes to the progeny which in combination would provide desirable segregation or may be hybridized either to exploit heterosis or to accumulate fixable genes. In order to evolve an effective hybridization programme superior parents are identified using Line x Tester technique developed by Kempthorne (1957) which measures their performance in different cross combinations and the nature and magnitude of gene effects in expression of quantitative traits (Yadav and Sirohi, 2011) . GCA estimates are very useful because it is attributable to fixable additive gene action and A x A interaction while SCA variance reflects nonadditive gene action (Jain and Sastry, 2012) . Stripe (yellow) rust caused by Puccinia striiformis f. sp. tritici Eriksson is a major disease of wheat worldwide especially in moist and cool environments leading to 10 to 70 per cent (Chen, 2005) losses in regions like NWPZ (North West Plain Zone) of Indian subcontinent. Apart from targeting yield contributing traits, incorporation of stripe (yellow) rust resistance is essential breeding objective keeping in view the emergence of new pathogen races and subsequent heavy losses. It is the most effective, efficient and environmentally safe method to tackle yield losses. AUDPC has been used in crop loss assessment (Ferrandino and Elmer, 1992) and field assessment of partial or quantitative resistance. Hence the investigation deals with estimation of relative magnitude of genetic variance for yield contributing traits and AUDPC as a measure for degree of yellow rust resistance to identify best combining parent and their desirable cross combination.
The experimental material comprised of 53 genotypes including 36 F1 crosses developed through 12 x 3 line-tester along with their 12 parents and three testers and 2 released wheat varieties (DBW 17, HD 2967) were also used as checks (Table 1) . A line x tester set of 36 crosses, involving all 12 lines and all 3 testers, were evaluated during November 2012 to April 2013 in a completely Randomized Block Design with three replications consisting of 2 rows (one meter long) per entry with row spacing of 23 cm and 10 cm plant to plant distance maintained by proper thinning at the Norman E. Borlaug Crop Research Centre of G.B. Pant University of Agriculture and Technology, Pantnagar situated in the foot hills of Himalayas (Shivalik range) at an altitude of 243.84 m above mean sea level at 29.5° N latitude and 79.3° E longitude. The border rows were also planted to neutralize the border effect.
Observations were recorded for fifteen characters viz., days to 75% heading, plant height, peduncle length, number of productive tillers per plant, spike 696 DOI: 10.5958/0975-928X.2017.00105.3 length, number of spikelets per spike, flag leaf area, days to maturity, biological yield, number of grains per spike, grain weight per spike, 1000 grain weight, grain yield per plant, harvest index and Area Under Disease Progress Curve (AUDPC). Cool and humid weather of the experimental site allows natural epiphytotic conditions for yellow rust infection. Border rows of highly susceptible Agra Local was planted as a spreader of yellow rust. AUDPC was calculated using rust severity (percentage of leaf area with symptom) determined by phenotypic observation on top 3 leaves of 5 randomly selected plants and recorded from 0 to 100 % of rust infection on selected plants from each genotype according to the modified Cobb scale (Peterson et al., 1948) . Second, third and fourth reading of disease incidence on selected plants was recorded after seven days of the first reading. On the basis of severity data AUDPC was calculated using the formula:
Where, xi = Rust intensity of the i th note, xi+1 = Rust intensity of the i+1 th note, (ti +1−ti) = Number of days between the i th note and the i+1 th note.
The character mean data recorded were subjected to the analysis of variance according to Panse and Sukhatme (1961) to determine significant differences among genotypes and combining ability analysis through line x tester mating design as described by Kempthorne (1957) and detailed by Singh and Chaudhary (1985) .
The analysis of variance for combining ability as shown in table 2 revealed presence of adequate genetic variability among the genotypes as highly significant differences among the genotypes for all the fifteen characters were observed. Among the testers, DPW 621-50 can be ranked as the best tester as it has a good general combining ability for maximum number of traits. It was found to combine well for short peduncle, spikelets per spike, number of grains per spike, weight of grains per spike and reduced AUDPC. It can be considered as the best general combiner for incorporation of yellow (stripe) rust resistance. Tester FLW 21 emerged as a good general combiner for the characters spike length, biological yield per plant and reduction in AUDPC. Likewise, among lines, PBW 639 and PBW 658 can be considered as the best lines as they combine well for the highest number of yield contributing characters as well as yellow (stripe) rust resistance. The findings showed that most of the parents having positive gca effects for yield, also had good gca effects for some of the yield components. Parental line having excellent gca effect for different characters have been identified but none were good general combiner simultaneously for all the characters. This suggested use of multiple parent participation through multiple crossing to effect substantial improvement in yield and its components. DOI: 10.5958/0975-928X.2017.00105.3 GCA and SCA variance estimates as presented in table 5 revealed the importance of both additive and non-additive gene effects for different characters. The ratio of gca and sca variance estimates was greater than unity for the characters viz. plant height, peduncle length, flag leaf area and AUDPC which indicated preponderance of additive gene action in the inheritance of these traits. For rest of the eleven traits non-additive gene action was observed. Therefore, early generation selection for these traits will be effective in breeding programmes (Barot et. al., 2014) .
Among the tester, DPW 621-50 can be ranked as the best tester and among lines UP2596, PBW 639 and PBW 658 can be considered as the best lines as these combine well for the highest number of yield contributing characters as well as yellow rust resistance. The correspondence between per se performance and gca effects was seen in only two lines Raj 4237 and HD 3065 which had highest per se performance and significantly high value of gca in desirable direction for days to maturity and harvest index respectively as evident from Table 6 . For remaining quantitative traits, best per se performance of the genotypes were not dependent on the presence of high gca effect of the respective trait.Eight crosses viz. HD 3059 x DPW 621-50, WH 1100 x FLW 21, UP 2596 x FLW 21, UP 2596 x PBW 550, HPW 211 x DPW 621-50, PBW 644 x DPW 621-50, UP 2596 x FLW 21 and KO 307 x DPW 621-50 had highest significant sca effects in desirable direction as well as highest per se performance for peduncle length, days to 75% heading, productive tillers per plant, number of spikelets per spike, number of grains per spike, weight of grain per spike, biological yield per plant and AUDPC, respectively. The cross WH1100 x PBW550 was found as good cross combination for maximum number of traits (Table 6 ). It is advocated that the good combiner genotypes could be used in crossing programme and the crosses having significant sca effects should be tested over the location and years before their exploitation. The sca effects represent the non-additive gene action which is non-fixable. Normally the nonadditive gene effects would not contribute tangibly in the improvement of grain yield in self-pollinated crops, except where the commercial exploitation of heterosis is feasible. In self-pollinated crops, however, the additive x additive type of interaction is also feasible in later generations and can be exploited for the improvement of grain yield and related traits.
The estimates of specific combining ability effects (sca) of thirty six crosses are presented in (Table 6) . Out of eight , in four crosses viz., HD 3059 x DPW 621-50, HPW 211 x DPW 621-50, PBW 644 x DPW 621-50 and UP 2596 x FLW 21 the parents also had positive gca effects in addition to correspondence between high per se performance and sca effects for the same character .The chances of getting good segregants from these crosses depend upon the additive genetic variance present in the good general combiner and additive x additive epistatic effect in the cross to maximize the fixation of desirable alleles in the later generation resulting in the desirable plant characteristics and development of desirable high yielding cultivars. However, for all the other characters studied, the crosses with highest sca effects were not having highest high mean values. A close perusal of Table 6 revealed that for most of the characters the best cross on the basis of sca effects had at least one parent having high gca for the trait. Thus transgressive segregants are expected in segregating generations.
Based on the combining ability effects the crosses were classified as good (G), average (A) and poor (P) combiners. Crosses with significant gca or sca effects towards desirable direction were considered as good specific combiner (G) and those towards undesirable direction as poor specific combiner (P) while non-significant effects in positive direction were designated as average specific combiner (A) (Table 3 and 4). If crosses showing high sca effects involving parents which are good general combiner (high gca) and these crosses could be exploited by simple methods like pedigree selection, provided the additive x additive component of interaction is significant, for development of superior genotypes in wheat for respective traits where development of commercial hybrids is difficult. All other types of cross combinations for gca and sca effects i.e. (A x G) = G, (A x A) = G, (P x G) = G, (P x A) = G, can be used as parents in hybrid development programme. It was also observed that when both parents show good gca a higher sca value ie. (G x G) = G is obtained in cross combination which is shown by some of the crosses e. (G x G=P) for AUDPC showed no significant sca despite good gca of the parents. Such situations may arise due to lack of co-adaptation between positive favourable alleles of both the parents. Whereas, complementation between favourable alleles of parents will result in positive sca effect in P x P, A x P and A x A combiners (Barot et. al., 2014) . Therefore it is not necessary that parents with good gca values will always give superior cross combinations. Such patterns of sca in crosses represent independence of gca and sca effects involving the same parents. For such crosses biparental mating system can be used to enhance grain yield per plant (Yadav and Sirohi, 2011).
Considering the above results, it is concluded that there was predominant role of non-additive gene action in the inheritance of most of the traits except plant height, peduncle length, flag leaf area and AUDPC where additive gene actions seems to be involved in the inheritance. The most efficient way for utilizing the non-additive genetic variance is through the exploitation of heterosis. Since it was observed that sca was the predominant contributor to genetic variance, thus, it is suggested that selection of sca is likely to be the most effective method to exploit hybrid vigour. While in case of additive (fixable) components such as for traits like plant height, peduncle length, flag leaf area and AUDPC selection scheme would be useful to achieve homozygous lines. A high general combiner parent and inclusion of F1 hybrids showing high sca for seed yield and AUDPC may be included into multiple crosses, biparental mating, and diallel selective mating to produce desirable segregants which should be tested over the location and years before their exploitation for developing high-yielding, yellow rust resistant varieties in bread wheat. 
